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(Dog amen t .Name 3 Speed f i oat ion 

[Title of the Invention] METHOD OF PURIFYING REDUCED COENZYME 
Qm 

[Scope of Claims for Patent] 
5 [Claim 1] & method of purifying reduced coenzyme Q m 

which comprises washing crystals and/or oil of reduced 
coenzyme Q%& with a water-soluble organic solvent or a raided 
solvent composed of a water-soluble organic solvent and water 
to thereby remove a water-soluble impurity from the crystals 
10 and /or oil of reduced coenzyme Q m « 

[Claim 21 The method of purifying reduced coenzyme Qua 
according to Claim ± r 

wherein the washing of the crystals and/or oil of reduced 
coenzyme Qxq i s carried out in a state of dispersion of the crystals 
15 and/or oil of reduced coenzyme Qxo in the water-soluble organic 
solvent or the mixed solvent composed of the water-soluble 
organic solvent and water. 

[Claim 3] The method of purifying reduced, coenzyme Q. l0 
according to Claim 2, 
20 wherein the dispersion is caused in a state of forced 

flowing, 

[Claim 4] The method of purifying reduced coenzyme Qm 
according to any of Claims 1 to 3> 

wherein the water-soluble organic solvent comprises at 
25 least one species selected from among alcohols, ketones, ethers, 
and ni.tr lies 

[Claim SI The method of purifying reduced coenzyme Qm 
according to Claim 4, 

wherein the water-soluble organic solvent is ethanol. 
30 [Claim 6] The method of purifying reduced coenzyme Qm 
according to any of Claims 1 to 5 r 

wherein a mixed solvent composed of an organic solvent 
and water is used. 

[Claim 7] The method of purifying reduced coenzyme Qm 
35 according to Claim 6> 
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wherein the washing is carried out with, t mixed solvent 
baling a wabe;r^aoiuble organic solvent content of not less than 

[Claim 8] The method of purifying reduced coenzyme Q xo 
5 according to any of Claims 1 to l r 

wherein the water-soluble impurity is a reducing agent 
used for concerting oKidized coenzpe : Q$# into reduced coensyme 
Qio and/or an impurity derived from a reducing agent. 
[Claim 9] The method of purifying reduced coenzyme Qio 
10 according to Claim B f 

wherein the reducing agent and/or the impurity derived 
f rom a reducing agent are/is hyposulf urous acid or a sa l t thereof 
and /ox an impurity derived from hyposulf urous acid or a salt, 
thereof . 

15 [Claim 10 j The method of purifying reduced coenzyme Qiq 

according to Claim &, 

wherein the reducing agent and/or the impurity derived 

f rom a reducing agent are/is ascorbic acid or a related compound 

thereof and/or an impuri ty der i ved f rom ascorbic aci d or a rel at ed 
20 compound thereof. 

[Claim 11] The method of purifying reduced coenzyme Qib 

according to any of 'Claims 1 to 10, 

wherein the concentration of reduced coenzyme Q w during 

washing is not higher than 30 w/w% as expressed in terms of the 
25 weight of reduced coenzyme Q 10 relative to the weight of the 

solvent at the time of completion of the washing. 

[Claim: 121 The method of purifying reduced coenzyme Qm 

according to any of Claims 1 to 11, 

wherein reduced coenzyme Qxo occurs as a form of crystals. 
m [Claim 13] The method of purifying reduced coenzyme Q 10 

according to Claim 12 r 

wherein the washing temperature is not higher than S0*£h 

[Claim 14] The method of purifying reduced coenzyme Qio 

according to any of Claims 1 to 11, 
35 wherein reduced coenzyme Qto occurs as a f orm of oil and 
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the washing teinperature is not lower than the iaelting teinperatiire 
of reduced coenzyme Qm« 

[Claim 15] The method of parity ing reduced coenzyme Qio 
according t o Claim 1 4 , 
5 wherein the washing temperature is not lower than 40>Cu 

[Claim 16 j The method of purifying reduced coenzyme Qi ;0 
according to Claim 14 or .15, 

wherein crystals of r educed coenzyme Q x $ is recovered by 
cooling the solution obtainable after impurity removal from the 
10 oil of reduced coenzyme Qio* 

[Claim 17} The method of purifying reduced coenzyme Qio 
according to Claim 14 or 1.5 , 

where in crystals of reduced coenzyme Q%& is recovered by 
-Goj&taet iag seed erysta Is to oil of reduced coenzyme Qio obtainable 
15 after impurity removal from said oil. 

(Claim 18] The method of purifying reduced coenzyme Qio 
according to any of Claims 1 to 17, 

wherein reduced coenzyme Ch * i s purified in a deoxygenated 
atmosphere . 

20 [Detailed Description of the Invention] 
rOQDIJ 

[Technical Field of the Invention] 

The present invention relates to a method of purifying 

reduced coenzyme Q. ;l o- Reduced coenzyme Qio shows higher level 
m of oral absorbability as compared with oxidized coenzyme Q m 

and is a compound useful as an ingredient in good foods ? functional 

nutritive foods ^ specif ic health f ©ads.-, nutritional supplements, 

nutrients , animal drugs, drinks > feeds r cosmetics, medicines, 

remedies, preventive drugs, etc. 
30 [0002] 

[Prior Art] 

It is known that reduced coenzyme -Qio oah be prepared by 
producing coenzyme Cho in the convehtional manner, for example 
by synthesis* fermentation, or extract ion froin natural products, 
35 and concentrating a reduced coenzyme Q :l(r -containing eluate 
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fraction resulting f rom chromatography (c.fi 1 0-1 09 9.33 : 

Patent Document 2) • It is also described in the above-cited 
publication that, .in this case, the chromatographic 
concentration may foe carried out after reduction of OKidized 
S coenzyme occurred as an rmpurity in the reduced coenzyme 

QiQt with a reducing agent such as sodiuiTi borohydride or sodium 
dithionite (sodium hyposulfite) f or reduced coenzyme Qio may 
be prepared by reacting the reducing agent mentioned above with 
an exist ing highly pure grade of coenzyme Qxo * Also known are 

10 the method wh i ch conipri ses us ing zi nc a s a redu cing agent { uourna 1 
of La veiled Compounds, vol. 6> 1970, 66-75: Nonpatent Document 
1} and the method which comprises using vitamin € species (i • e. 
ascorbic acid or related compounds such as ascorbic acid, 
ascorbic acid palmitate, and ascorbic acid stearate) as reducing 

15 agents (m 01/52822 M: Patent Document 2) > 
[00031 

However, the reduced coenzyme Cho produced in such a manner 
cannot always be recovered in a highly pure sta te , For example, 
it is often obtained in the form of low-purity crystals, 

20 semisolids or oil containing oxidized coenzyme Qxp and other 
impurities, When crystals of reduced coenzyme Q 10 is recovered 
from an organic solvent solution containing reduced coenzyme 
Q 10 s in particular, it is difficult to remove water-soluble 
impurities, particularly the reducing agent used f or converting 

m oxidized coen zyme Q l0 into reduced coenzyme Q m and/ or impurities 
derived from such reducing agent and, therefore, the crystals 
obtained very often contain such water-soluble impurities and 
are of low purity. 
[0004] 

30 [Patent Document 1] 
[000 51 

[Patent Document 2] 
WO 01/52822 hi 

35 [0GD6J 
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[nonpatent Document 1] 

Journal of Laval led Compounds, toI. € f 1370, 66-7 5 

[0007] 

[Problems to foe solved by the invention j 
5 In view of the foregoing, the present Invention has an 

ob jeot to provide a purification method tor removing imparl t ies r 
in particular wafer- soluble impurities, contained in reduced 
coenzyme Qm, and thereby producing high-quality reduced 
coenzyme Qio in a convenient and ef f icient manner on an industrial 
10 scale production. 
[0008] 

[Means for Solving the Problems] 

&s a result of intensive investigations, the present 
inventors round that when an attempt was made to remove the 

15 water^soiubie impurities remaining in reduced coenzyme Q 10 fey 
using water alone, partiouiarly to remove the reducing agent 
and/or impurities derived from reducing agents it was not always 
easy to decrease content of said imparities to at least to trace 
leve ls * It was also f ound that reduced coenzyme Qw showed very 

20 poor wettability characteristics against water and thus it was 
very dif f icult to obtain slurry thereof having good properties . 
it was found, however, that the water-soluble impurities, in 
particular the reducing agent and/or impurities derived 
therefrom, remaining in reducei coenzyme Q 10 could be removed 

2 S off ici en 1 1 y w 1 t ft good ope x a t tonal It y by w as h i tig, r educed c o en zyme 
Qid (crystals or oil) with a water- soluble organic solvent or 
a miK-ed solvent composed of a water-soluble organic solvent and 
water. Based on these findings, the present invention has now 
completed . 

30 [0009] 

Thus, the present invention provides a method of purl tying 
reduce coenzyme Qxp 

which comprises washing crystals and/or oil of reduced 
coenzyme Qxg with a water-soluble organic solvent or a mixed 
35 solvent composed of a wafer-soluble organic solvent, and water 
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to thereby remove a water-^luble Imparity from the crystals 

and/or oil of reduced coenzyme Q x0 * 

[00101 

In accordance with the method of the present invention, 
5 the water-soluble imparities contained in reduced coenzyme Q X o 
can be conveniently and efficiently removed at least to a. trace 
level and reduced coenzyme Qui ox very high quality can be obtained 
as a crystalline o.r; an oily term. 
[0011] 

10 in purif ying oil of reduced coenzyme & l0 , i t is also possible 

to crystallize it by cooling together with the solvent used for 
washing to recover the crystals f ormed, or to solidif y of reduced 
coenzyme Q m by contacting seed or yafals to an oily form of reduced 
coenzyme Qxo at a temperature l ower than the mel ting point thereof ■,. 

15 to recover the crystals formed. 
[0012] 

In the following, the present invention is described in 

more detail. 

[0013] 
20 [ Embodi men t s j 

In accordance with the invention, a water- soluble organic 

solvent or a mixed solvent composed of a wat^r.-Boluble. organic 

solvent and water is used in order to convenient ly and ef f icient ly 

remove water-soluble iinpurities remaining in crystals and/or 
25 oil of reduced coenzyme Q mr in particular the reducing agent 

and/or impuri ties derived from a reducing agent, which are to 

be mentioned latex herein- 

[0014] 

The water-soluble organic solvent used in the practice 
30: of the present invention is hot par hi eular iy restricted provided: 
that it is highly miscible with water, but includes alcohols, 
ethers, ketones r nitriies, amides, sulf nr-containi.ng eoinpounds, 
fatty acids, and the like. 
[0015] 

35 As specific examples of the alcohols, there may foe 
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mentioned methanol , ethane! , I-proparadl, 2-propar*oi f I-batans)!, 
2 -bo t a no I , i sobut y I a 1 a oh o I , t e rt -but y 1 a I eoh o 1 , 1 ~p en t a no 1 , 
2-pent.anoI, S-peHtanol, ;g ^m:^ th;yi^:l^bx^ta^oi / isopentyl alcohQl, 
tert-penty 1 alcohol , 3-irie thy 1-2-birbanol , neopent yl alcohol , 
5 1 -heKanol , 2-met hyl - 1 -pentanol > 4 -methyl -2 -pent ana 1 , 
2-ethyl~l-butariol, 1-beptanol, 2-heptanol;, 3-heptanoi , 
1: -octattol , 2-octanol r 2 -ethyl- l-hexanol 1 -nonanol , 
3* S, 5 - 1 r Imet h y I - 1 - hex ana 1 , 1-decanol, 1-undecanol, 

1- dodeeaixol, a llyl alcohol, propargyl alcohol, benzyl alcohol, 
10 cyclohexanol, l-methyicyclohexanol, 2-methylcycloheKanol , 

B-methyl^ f 4 ~ methyl cyclohexanol f benzyl alcohol, 
2"-methoxyethanol ,. 2-ethoxyethanol. , 2- Cmatho^ymethoKy } ethanol , 

2 - isopro&yet ha no 1 f 2 ~bu t ho x y e t h ano 1 , 2 ~ ( 1 s open tyloxy ) e t hauol f 
2~ (he^ytoxy) ethanol, .furf uryl alcohol , r diethylene glycol 

IS moneraethyl ether*, die thylene glycol iitonoethyl ether, diethylene 
glycol monobutyl ether, trie thylene glycol xnoTTomethyl ether, 
1 -methoxy -2 -propanQ.1 f 1-e t boxy -2 -pxopanol , dipr opylena glycol 
mo Home t hyl ether, dipropylene glycol monoethyl ether 
t xlpropy lene glycol inonomethyl e ther , 1 , 2 -ethanedlol , 

2D 1 s . 2-propanedioi r 1 ^3-pxapanedlol f 1 , 2 -butanedlol, 
1 , 3 -ba.tanediol, 1 , 4-butanediol , 2,. 3-butanediol, 
1 r 5 -pen.ta.ned.ioX f . 2-hut ene- l. f 4 -di ol 2 "methyl. -2 4 "-pentanediol , 
2-ethyl-l, 3-he^anediol, dlethylene glycol, triethylene glycol, 
tetraethylene glycol, polyetiiyl.ene glycol, dipropylene glycol 

25 polypropylene glycol, glycerol, etc. 
[0016] 

As iflonohydric alcohols, preferred ones which may be 
mentioned are methanol, ethanol, 1-propanol, 2-propanol, 

1- butanol, '2-butanol, isobiityi alcohol, text -butyl alcohol, 
30 1 -pentanol , 2- pentanol , 3-pentanol 2-methyi-l-butanol , 

i s op en t y 1 a 1 c oh o I , t ex t -p e n t y 1 a 1 cob o 1 , 3 -me thy 1 . - 2 -fa u t aha 1 r . 
neopen by 1 a 1 eohol , 1 -hexanol , 2 -methyl ~ 1 -pentanol f 
4 -methyl ; " 2 -pent anol , 2 -e t hy 1 - 1 -hut ano 1 , 1 -hept anal , 

2- heptanol 3-heptanoi, l-oetanol, 2—octanol ? 

35 2 -e thy 1 - 1 -he^anol , 1 -nonanol , I -decanol f 1 -ondecanoi , 



1 -dodecanol ? benzyl al cohol , oyel oheKanoi f 
1 ~me thy 1 eye loh exaxl o I > 2 -me th y I cyclohexano 1 , 

3 -methyley^ > 4 -me thylcyclGhexanol 2 -methoxya thanol :> 

g-ethoxyatanpi^ 2- {methoxymetho^y ^eth?^nol, etc . More 
5 pref erred are methanol, ^thanoi , l-propanol f 2 -propanoic 

1- fc.uta.nol :f 2-hutanol, isobutyl alcohol, terr-butyl aleohol, 
1 -pent a n o 1 , 2 -pent a rial , 3 "~;p en t ano 1 , 2 -me thy 1 - 1. -teu t an o I. ,. 
isopentyl alcohol , t ert-~pentyl alcohol , 3-xne thyl-2-bat:«oI 
neopentyl alcohol ,,. l-h^xanol , 2 -methyl" 1- pent anol , 

10 4-methyi-2~pentanol, 2-ethyI ~l~butanol, eyciohexanol r etc. 
Still more prefer red are Methanol, ethanol, 1 -propanoic 

2- propanol, l-butanoil, 2-hutanol,, isobiityl alcohol* tert -butyl 
alcohol ? 1 ^pentanol* 2 -pent anol , 3-pentanol , 

2-iTiethyl-l-foutanoi, isopentyl alcohol, tert-pentyl alcohol, 
IB 3^ethyl-2-butanoi f neopentyl alcohol, etc. Particularly 
preferred axe methanol r e thanoi, 1 -propanoic 2~propanol, 
1 -;bia t anol , 2 ~ but and! 1 sobu t y 1 alcohol , 2 -methyl - 1-b ut ano 1 , 
isopentyl alcohol f etc. Further preferred are methanol r 
ethanoi * 1. -propanoic 2— propanol , etc* f and most pref erred is 
20 etfeanoh 
[0017] 

As the dihydrie alcohol, preferred ones which may foe 
mentioned are 1 , 2~ethanediol, 1, 2 -propanoic!, 1, 3-propa.ndiol, 
.2-fcufcene~l, 4~diol, a-methyl-Z, 4-pentanediol, 
25 2-et hyi-i , 3~hexanediol , diethylene glycol, trie thylehd glycol f 
tetraethyiene glycol , polyethylene glycol , dipropy iene glycol r 
polypropylene glycol, etc., and most preferred are 
1,2 -propanediol and polyethylene glycol, 
[00181 

30 As the t rihydr io alcohol , glycerol may be preferably used , 

[0019] 

The ethers are not particularly restricted, and may foe 
cyclic or acyclic, or saturated or unsaturated , But in. general , 
saturated ones are pref erably used. Generally, ones containing 
35 3 to 20 aarhpn atonia, and preferably 4 to 12 carbon atoms and 



9 



more preferably 4 to 8 carbon atoms are used, As specific 
examples, there may be mentioned^ for example,- diethyl ether, 
methyl tert-butyl ether, dipropyl ether, diisopropyi ether, 
dihutyl ether, dihexyl ether, ethyl vinyl ether, butyl vinyl 
5 ether, anisot, pfeen.etole r butyl phenyl ether, methoxytoluens, 
dioxaoe, fur an, 2 -methyl fur an, tetrahydrof ■uran, ethylene 
glycol dimethyl ether r ethylene glycol diethyl ether, ethylene 
glycol dibutyl ether, ethylene glycol monomethyl ether, ethylene 
glycol monoethyi ether, ethylene glycol monobutyi ether, etc. 
10 [0020] 

Preferred are diethyl ether , methyl t art -"butyl ether, 
dipropyl ether, did sopropy 1 ether , dibutyl ether , dihexyl ether , 
an i sol , phenetole, butyl phenyl ether, methoxyf oiuene, dioxane, 
2 -me t hy 1 f u r a n , t e t r ahy d r o f ur an f t e t r a h yd r op y r an , e t hy 1 a ne 

15 glycol dimethyl ether, ethylene glycol diethyl ether , ethylene 
g 1 ye o 1 d ihu t y 1 e t hex , ethyl e ne g 1 y c o 1 mo n ome thy 1 ether, ethyl ene 
glycol monoethyi ether, etc. Particularly preferred are 
diethyl ether , methyl ler t-hut y 1 ether , anisoi, dioxane , 
tetrahydrof ur an , ethylene glycol, monomethyl ether ? ethylene- 

20 glycol mono© thy I ether, etc. Meet preferred are diethyl ether, 
methyl tert^hutyl ether y anisol, dio^ane, tetrahydrof titan, etc, >. 
and particularly preferred are dioxane and tetrahydrof ixran, 
[0021] 

The ketones are not particularly restricted, and ones 
2S having 3 to 6 carbon atoms are preferably need* As specific 
examples, there may fee mentioned, f or example, acetone, methyl 
ethyl, ketone, methyl butyl ketone, methyl isobutyl ketone, etc. 
Pre for red are acetone and methyl ethyl ketone, and most preferred 

1 s acetone. 
30 [ 0022} 

The nit riles are not particularly restricted, and iriay foe 
cyclic or acyclic, or saturated or unsaturated* However, 
saturated ones are preferably used. Gene .rally, ones containing 

2 to 20 carbon atoms, preferably 2 to 12 carbon atoms, and more 
35 preferably 2 to 8 carbon atoms are used. 
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[002 3] 

As specific examples, there may be mentioned, for example,: 
a:ce.fcpn±t r ile * pt opionit r lie , malonoait rile,- but yronitr ile>, 
i s ob u tyro.nitr.il e > six ao in on it r i le , v a 1 a t on i t r i 1 b, 
5 gin t aronit r 11 e : , hexaneni t r 11 e , hep ty I cyanide , oCtyi cyan ide r 
undeoailen i tx 1 ie , dedecaneni t r i 1 e , t r Ideeaneni t r il e , 
pentadecanenitrile, s tear oni trile, chloroacetonit r lie, 
foromoa ce ton! t rile, ehloropropionitri lie-, hromopropioni trile, 
met hOKy ace tonit rile, methyl ayanoaeetate, ethyl Gyahoacetate, 

1 0 t oi un it ri i e , bens on 1 1 r i 1 e ,, c hlorobenz On i t*r 1 1 e , 

foromoben^onitriie, eyanobenzoie acid, nit robenxonit rile, 
anisonitri le> phthalonitrile, b romoto 1 uni t r i le * methyl 
cy a nob en z oate, met. hex y b e n e on i tx i 1 e r a cat ylfeen & on i t r 11 e r 
napht honi t ri le> biphenylearboni trile , phenylprGpioni trile , 

15 phenyibntyronitrlle, methyiphenyiacetonitrile, 
diphexiyiacetGoi trile, naphthyiaeetonitrile, 
n i t r oph erwl a ceton i t r i ie , ch 1 o r o b e n z y 1 c y an i de , 
cy e I op r opanec arhoni t r i 1 e eye. 1 o he xane ca rborii. t r i le , 
eye i ©hep t ane carbon i tr tie phenyl eyGlohejcanecarboni trile , 

20 t o 1 y 1 e y cl oh ess a n e ca rbon i t ri 1 e , e t c - 
[0024] 

Preferred are ace ton! trile, propionitrile, 
sueelnon 1 1 r i le, butyxoni tr ile , i sobutyroni. tri lie , 
valeroni trile, methyl cyanoacetate, ethyl cyanoaaetate, 
25 bensonltriie, toiunitrile and ehleropropiQiii.tri le ... More 

preferred are acetoni trile, propiononit rile , hut yroni trile and 
isobntyxonitrile, and most preferred is acetonitrile 
[0:02.5] 

Is the amides, there may be mentioned, for example, 
30 f ormamide, M-xaethylf ormaralde , M, H-dime t hy If ormairiide , 
B f dome thy ! f ormamide , E , dime th ylaoe toamide , 
1-me thy ipy r r oi idone, etc . 
[0026] 

As the fatty acids, there may be mentioned , for example, 
35 formic acid, acetic acid, propionic acid, etc, Preferred are 
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.f ormic acid and acet ic aeid r and part icularly preferred is acetic 

acid. 

[0027] 

As the sul f ur - cont aln 1 ng compounds , there may bementioiied, 
5 for example f . dimethyl sulfoxide* auifdlane, ate, 
10028 ] 

Among the above water-soluble solvents, alcohols, ethers, 
ketones, nit riles are preferred^ alcohols and ketones are more 
prefer rod, monohydrie alcohols containing 1 to 3 carbon atoms 
10 and acetone are particularly preferred, and ethanol is most 
preferred, 
[0029] 

The water^soinble organic solvents mentioned above may 
be used singly or in the form of a mix ad solvent composed of 

IS two or more species. Furthermore, they maf also be favorably 
used in the form of mixed sol vents in combination with water. 
From the viewpoint of liquid Ghafacteristits and /or washing 
effects, the use of a mixed solvent composed of a water-soluble 
organic solvent and water is generally preferred. 

20 [00 30 j 

When a mixed solvent composed of a waier---soluble organic 
solvent and water i s used, the concentra tion of the water- soluble 
organic solvent contained in wat er is hot part icularly r est ricted 
but, from the viewpoint for obtaining favorable liquid 
2B characteristics and washing effects, it is generally not less 
than about 5 w/w%, preferably not less than about 7 w/w%, and 
still more preferably not less than aboixt 10 w/w%„ 
[0031 ] 

In cases where the product is used for foods or drugs, 
30 for instance, ethanol, 1, 2 -propanediol, polyethylene glycol 
(pref erably polyethylene glycol having a molecular weight of 
300 to 1000) , glycerol and the like are suitable, and ethanol 
is particularly suitable. Needless to say, these solvents may 
be> favorably osed as a mixed solvent of two or more of them or 
35 as a mixed solvent in combihatlon with water. 



12 



[0032] 

In the pract ice of tfee indent ion, a wat er-i.ns olobl e organic 
solvent may be used in cqmbiiiation with any of the v?attr-soluble 
solvents inantidned above within the range that no substantial 
5 adverse effect will be caused. Such water-insoluble organic 
solvent includes hydrocarbons , fatty acid esters and the like, 
which are to be mentioned later herein, 
[0033] 

The reduced coenzyme Q aa to foe used in the practice of 

10 the invention can be obtained by conventional methods such as 
synthesis, ferment afion, or extraction f ram a natural source, 
Eref erred is one obtainable by redaction of oxidiseci coenzyme 
Qio contained in reduced coenzyme £ho or of oxidized coenzyme 
Qio More pr ef erred i s one obt ainable by ut ili s ing the redact ion 

15 reaction according to the invention, which is to be mentioned 
later herein. The purif ication method of the invention can be 
applied to reduced coenzyme Q%p containing a relatively large 
amount of oxidized coenzyme Qxo* bat it is especially ef f ective 
in purifying high-purity reduced coenzyme Qio prepared by the 

20 redact ion method to be mentioned later herein, or the 1 1 ke method . 
Needless to say, the reduced coenzyme Qio. to be purified may 
be in the form of either. crystaXa or oi 1 . The term ^crystal ( s } 
of reduced coenzyme Q 10 as used herein also includes^ within 
the meaning thereof, a solid obtainable by concentrat lug a 

25 reduced coenzyme Q^o^eontaining solution to dryness by 

distil ling of f the sol vent , a solid resulting from solidification 

of oil of reduced eoenzyine Qm, and the like. 

[0034] 

The water-soluble ixnpurity to be removed, in accordance 
30 with the present invention is not particularly restricted but 
includes , among others-, the reducing agents used in the step 
of reducing oxidized coenzyme Qio, which are to be mentioned 
later herein, and/or impurities derived from reducing agents, 
fe; the reducing agent s and/ or impurities derived from reducing 
35 agents, there may be mentioned t for example, hyposuif urous acid 
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or salts thereof , and hydrogexiBaif ites as byproducts derived 
from said hyposulf urous acid or salts thereof; ascorbic acid 
or related compounds thereof, and ^Ti^dro^^co^foiO. acid, 
2 / 3-"diketog U ioni.a acid and oKatio acid as byproducts derived 
S from said ascorbic acid or related compounds thereof; salts 
generated as byproducts from iron or zinc; and the like. 
[00351 

The method of washing is not part ieularly restricted but 
generally comprises bringing the crystals and/or oil of reduced 

10 coenzyme Qip into contact With the abaw-mentioned water-soluble 
organic solvent or the mixed solvent composed of the 
water- so 1 ubl e organic solvent and water in a vessel since the 
axnoxiht of the water-soliible organic solvent can then be decreased. 
This contact is pref erabl 

IB and /or oil of reduced coenzyme Qso in the water-soluble organic 
solvent or the mixed solvent composed of the water-soluble 
organic solvent and water ? and particularly preferably 
suspending and/or emulsifying the crystals and/or oil of reduced 
coenzyme Qho in the water-soluble organic solvent or the mised 

20 solvent composed of the water-soluble organic solvent and water 
to a sufficient extent. 
[0036] 

Preferably, the washing is carried out under forced flowing. 
F± oki t he qua 1 i t y impr o vemen t viewp o±nt > t he f 1 o wing i s pre £ e r ably 

2B effected by a power required for stirring per unit volume of 
generally not less than about (K 01 fcW/m 3 , pref erably not less 
than about Gil WMf , and more preferably not less than about 
0,3 m/vcr\ The above forced flowing is generally provided by 
rotation of a s t i rr ing blade (a) . If the above flowing i s att ained , 

30 however* it is not always necessary to use a stirring blade {s } «. 
I'or example, the circulation of the liquid or the like procedure 
may be utilised. 
[0037] 

The concentration of reduced coenzyme Q i0 during 
35 purification of crystals and/or oil of reduced coenzyme Q 1D is 
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not- particularly restr icted but, f rom the viewpoint of attaining 
favorable 1 i qui d char act ex 1st ics, the weight of reduced coeaz yme 
Qio relative to the weight of the washing solvent at the time 
of eompiet ion of washing is generally about not more than, about 
5 30 w/w%, preferably not more than about 20 w/w%, more preferably 
not more than about 15 w/w% : , particularly preferably eat more 
than about 13 w/w-% f and most preferably not more than about 10 
w/w%. By maintaining the above concentration, it becomes 
possible to realise more favorable pur if icat ion with sufficient 
10 operat tonality for an industrial scale production. From the 
productivity viewpoint, the lower limit to that concentration: 
is generally about 1 w/w%, and preferably about 2 w/w%u 
[0038] 

The time of washing may vary depending on species of the 
15 water-soliible organic solvent, the proportion thereof , the 
amount of the washing solvent and so .on, hence cannot be absolutely 
specified, Generally, however, the washing can be completed 
within a time not longer than 10 hours, preferably not longer 
than 5 hours*, more preferably not longer than 2 hours, still 
20 more preferably not longer than 1 hour, particular iy pref erably 
not longer than 30 minutes,: and irtost preferably not longer than 
10 minutes. 
[00391 

The washing temperature may vary depending on species of 
25 the water-soluble organic solvent to be used, the content thereof , 
the quality or purity of the reduced coenzyme Qi D to be purified 
and so forth, hence cannot be absolutely specified- But when 
crystals of reduced coenzyme Qr 0 is used, the upper limit is 
generally not higher than about 50 °C r pref erabl y not higher than 
30 about 45 0 Q, more pref erably not higher than about 4 0°G, and still 
more preferably not higher than about BS^G, and the l ower limit 
is not lower than about -10 °C, preferably not lower than about 
-5°C, still more preferably net lower than about CP CI Generally, 
the washing can be favprafoiy carried out within the range of 
35 about 0 * C to 4 0 °C, On the other hand , when oil of reduced coenzyme 
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Qao is used, the lower limit is generally not lower than, abort 
40 C, C> preferably not lower than aboiit iS^C, more pref erably not 
lower than about 5G°C, and still more preferably not lower than 
about 60°C f and the upper limit is not higher than about 10Q°C r 
5 pre far ably not higher than about 90 0 C f iriore preferably not higher 
than about 80 and still more pref erably Bot higher than about 
70°C> 
[ 004 Q] 

Furthermore, in cases where oil of reduced coenzyme Q x , y 
10 is purified by this method, it is possible to recover reduced 
coenzyme Qao as a cr ystal line f orm by cooling the wash mixture 
as it is. The cooling temperature in this case is not 
particularly restricted but is generally lower than about SG a C? 
preferably lower than about 45°G, more preferably lower than 
15 about 40 C C. The lower limit la the solidification temperature: 
of the system and generally is not lower than about D°C ... 
[0D41I 

After the solvent used in the washing was removed, it is 
also possible to favorably solidify the oil of reduced coenspB 

20 Qi ; 0 particularly by contacting seed cry stals (reduced coenzyme 
Qio own crystals) to the oil of reduced coenzyme Q w a-t & temperature 
lower than the meJ.ting temperatare , In this case, a solid may 
be obtained by forcing the above oily product into a desired 
form after decreasing the temperature of the oily product to 

25 below the melting teinperature thereof and contacting with the 
seed crystals. The contact with the crystals may be performed 
either before or after said formation from the oily product. 
The solidification temperature is not par ficuiarly restricted 
as long as it is lower than the melting temperature . Desirably, 

30 however, it is not lower than 0 & Ct 
[00421 

By recovering crystals of reduced coenzyme Qsqin the above 
Tmnnsr , the reagent and t ime losses can foe avoi ded and the solid 
of reduced coenzyme Q 10 ean.be favorably obtained in a high yield, 
35 [0043] 
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The weight content of ^at^r^^'oXub'l e .i:mp^r:It± : e : 3 in reduced 
caenzyrue Q 10/ when purif ied in the atao^e manner , can be decreased 
generally to 0,15% or below, preferably 0*101 or below, more 
pref erably 0*08% or below. Thus, reduced coenzyme Cho with very 
5 high quality can foe obtained. 
[0044] 

It is particularly preferable to perform the above 
purification procedure In a deoKygenated atmosphere By doing 
so, it becomes possible to minimize the formation of oxidized 

10 coenzyme Q t0 as a byproduct and thus do the washing more 

efficiently. The deoxygenated atmosphere can be attained by 
Inert gas substitution, pressure reduction, boiling, or a 
combination of these. It Is appropriate to perforin at least 
inert gas substitution, namely to use an Inert gas atmosphere. 

15 Is the inert gas, there may be mentioned, for example^ nitrogen 
gas, helium gas, argon gas, hydrogen gas, carbon dioxide gas 
or the like. Nitrogen gas is preferred, however. 
[004 5] 

Next, a method of synthesizing rednced coenzyme Cho, which 
20 is suited for use In the practice of the indention, namely a 
method of reducing oxidized, coenzyme Qio into reduced coenzyme 
QiQt Is de scribed* 
[0046] 

Bedueed coenzyme Gig which can be used In the practice 
25 of the invention can be obtained by conventional methods such 
as synthesis , f ermentat ion, or extract ion f rom a na tural source, 
as already mentioned hereinabove- They can foe obtained 
preferably by reducing oxidized coenzyme Q lQf such as an existing 
highly pure coenzyme Qw, of a mixture of oxidized coenzyme Q w 
3D and reduced coenzyme Qvq. with, a common reducing agenti First , 
the method of reducing oxidized coenzyme Qiq is described. 
[004 7} 

S ince reduced eoen zyme Qm is apt to be oKldi zed by molecular 
oxygen to gi ve oxidised coenzyme Q :m: as a byproduct, a solvent 
35 with high protective effect against oxidation is preferably used 
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as the solvent in the step of reduction. Pre fer ably , at lea at 
one species selected f rom among hydrocarbons , f atty acid esters , 
ethers, and nitrites is used as such solvent. Hydrocarbons are 
most preferred among them. 
5 [004 8] 

The hydrocarbons are not particularly rest rioted, but 
there may be mentioned, for example aliphatic hydroearbons r 
aromatic hydrocarbons, haiogenated hydrocarbons, etc. 
Prefer red are a liphatio hydrocarbons and aroma tic hydrocarbons, 
10 and more preferred are aliphatic hydrocarbons, 
[GC349] 

The aliphatic hydrocarbons are not particularly 
restricted, and may be cyclic or acyclic, or saturated or 
unsaturated. However, generally they contain 3 to 20 carbon 
15 atoms, and preferably 5 to 12 carbon atoms. 
[0050] 

As specif ic examples , there may be mentioned, for example^ 
propane , butane , Isobutane, pentane , 2-mef hylbutane y 
c y e 1 ope xvt a rie , 2 -pre ntene ,• he xane > 2 -me thy 1 pen t a n e , 

2 0 2 , 2 ~ dime thy fbu tane f 2 ( 3 - d i me thy lb ut ane f me thy 1 eye 1 open t ane f 
eyolahexane, 1 -hexene , oyclbheKehe r heptane, 2---methyl:he^ane ? 
3 -me thylbexane , Syia-'dijSethy^eiatarie , 2 > 4 -dimethy Ipentane , 
methyl cyciohexane, 1-heptene, octane, 2 r 2, 3 --tf imethylpentane, 
isoootane, ethylcyciohexane^ l-oetene, non.a.ae> 

25 2,2, 5---trimethy].he%ane, i~nonene, deeane, l-decene> p -men thane r 
undecane, dpdecarxe, etc. 
[0051] 

Mong them, saturated aliphatic hydrocarbons having 5 to 
B carbon atoms axe preferred, and pref erably used are pentane, 

30 2-methylfautane and cyciopentane, which ha^e 5 carbon atoms 
(referred to as "pentanes"); hexane, 2-methylpentane^ 
2 f 2-dimethylbutane, 2 , 3 -diinethylbutane , methylcyciopeuf ane , 
oyeloheKane, which ha#e 6 carbon atoms (referred to as 
"nexanes") ; heptane , 2 -met hy 1 hexa n e , 3 -methy Ihexa ne , 

35 2, 3-dimethylpentane, 2, 4-dimethylpentane r methylcyciohexane, 
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which ft a ve 7 carbon atoms (referred to as "heptanes"}; octane, 
2,2, 3-trimethylpentane, iapoctane, et^ylcYcloRexane, wliicfa 
haw 8 carbon atoms (referred to as octanes) ; and a mixture of 
these. In particular, the above heptanes are still more 
5 pref erred s i nce they ha^e a t endency to show a very high protect i^e 
ef fect against oxidization r and heptane is most preferred:. 
[0052] 

The ar omat ic hydrocarbons are no 
feat generally they contain 6 to 20 carbon atoms, particularly 

10 preferably 6 to 12 carbon atoms, and moat preferably 7 to 10 
carbon atoms > As specific examples, there may be mentioned, 
for example, benzene, tolaene, xylene, o™xylene, m-xylene, 
p-Kviene, ethyibenzene, cumene, mesitylene, tetraiin, 
buty Ibenzene , p- eymen e > eycl oheKylbenzene, die thylbenzene , 

IS pentyibenzene, dipentylbenzene, dodeayibenisene , sfyrene, etc. 
Preferred are toluene, xylene, :o~xylene, m-xyleB6 f p~xylene y 
ethyibenzene , cumene : ; mesit ylene , tetraiin , butylbenzene 
p~cymeriey eyciohexylben^ene^ diethylbenEene andpexrbylbenzene . 
More pref erred axe toluene , xylene, o- xylene, ra- xy lene> p~xylene, 

,20 cume.ne and tetraiin, and moat preferred is cumene. 
[0Q53] 

The ha logenated hydrocarbons are not particularly 
restricted, and may be cyclic or acyclic, or saturated or 
unsaturated. Howefer, acyclic ha logenated hydrocarbons are 

25 preferably used. Generally, preferred are chlorinated 

hydrocarbons and f iaorinated hydrocarbons, and chlorinated 
hydrocarbons are particularly preferred. Additionally, ones 
contaioing 1 to 6 carbon atoms, particularly preferably 1 to 
4 carbon atoms, and most preferably 1 to 2 carbon atoms are 

30 favorably used. 
[0054] 

As specif ic eKampies , there may bementioned, f or; example, 
dichloromet hane , ch lor o form , carbon tetra chloride, 
1, l~diehloroeth&ne, \ f 2-dichioroethane , 
35 1 , 1, 1 -triehl oroethane , 1 , 1 , 2- tr iehl oroethane, 



19 



1 f I , t. f 2~ tet rachloroe thane > 1 , 1 , 2 , 2- tet rachloroethane, 
pent a c h 1 o r o e t h ana , beKach l orpe t haile > 1 , 1 - di eh 1 arc ethyl e he , 
1, 2-di.ohlb±:oe.t:hyi«-nie> trieiiloroethyleri^^ tet rachloroethylene, 
1, 2 -diefeloropropane, 1,2, 3 -triohioropropane , cblorobenzene , 
B 1,1./ 1, 2™ t et raf luo roe thane, etc. 
[0055] 

Preferred are di qhlo r ome t.hahe: > chloroform , carbon 
tetrachloride, 1 , 1-dichloroe thane, .1 , S-diciaDrDethaive, 
1, 1 / 1-t r i.chloroa thane ,, 1 , 1 , 2 ~t r iehlor ©ethane , 

10 1, l"-dichloroethyiene, 1, 2-dichloroethy lene, 
t r ioft 1 o roe t h y 1 en e> ch .1 orob ensene and 
1, 1, 1, 2 -tet raf luoroe thane . More pref erred are 
diehloromelhsne, chloroform/ 1, 2-dichloroethylene, 
trichloroethylene, chlorobenzene and 

15 1 , I / 1 , 2 -tet r af iuoraethsne * 
{ DOS 6] 

The fatty acid esters are not particularly restricted, 
but there may be rnexitioned^ for example, propionates, acetates, 
formates, etc. Preferred are acetates and formates, and 

20 particularly preferred .are acetates . Ester ftmctidhai groups 
thereof are hot particularly res but include alkylesters 

having 1 to 8 carbon atoms, aralkyl esters having 7 to 12 carbon 
atoms. Preferred are alkyl esters having 1 to 6 carbon atoms, 
and more pref erred are alkyl esters having 1 to 4 carbon atoms . 

25 [0057] 

As the propionates, there may be mentioned, f or example, 
methyl propionate, ethyl propionate, butyl propionate, 
isopentyl propionate, etc. 
[00581 

3D -fts the acetates, there may be mentioned, for example* 

methyl acetate, ethyl acetate, propyl acetate, isopropyl acetate, 
butyl acetate, isofoutyl acetate, sec-butyl acetate, perrtyt 
acetate, isopentyl acetate, sec-hexyi acetate, oyclohexyl 
acetate, benzyl acetate, etc. Preferred are methyl acetate, 

35 ethyl acetate, propyl acetate, isopropyl acetate, butyl acetate. 
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isofoutyi acetate, sec-butyl acetate, pentyl. acetate, isopentyl 
acetate, sec-hewl acetate and cyclohexyi acetate, More 
preferred are inethyl acetate, ethyl acetate, propyl acetate, 
isopropyl acetate, butyl acetate and isobutyl acetate. Most 
S preferred is ethyl acetate. 

the formates, there may foe mentioned, for example, 
methyl formate, ethyl f ormate, propyl formate, isopropyl formate, 
ftutyl formate, isohutyi formate, sec-butyl formate, pentyl 
10 formate, etc. Preferred are methyl formate, ethyl, formate, 
propyl f annate, butyl formate, isobutyl fomate and pentyl 
formate, and most preferred is ethyl formate. 
[00601 

m the ethers and nitrites, there may be mentioned such 
15 ethers and nit riles as described hereinabove. 
[0061] 

In selecting the solvent to be used from among those 
mentioned above , the following factors are pref erably taken into 
gdds id era t ion: such properties as hoi ,1 ing point and viscosity 

20 (erg, boiling point (about 30 to 150 °G at 1 atm) allowing 
appropriate warming for increasing the solubility and 
facilitating solvent removal by drying f rom wet crystals and/ or 
sol vent recovery f rom the f ilt rate af ter crysf alli gat ion, etc « ) , 
an adequate melt ing point (not higher than about 20 °C, pref erahiy 

25 not higher than about 1CPC, and more preferably not higher than 
about G*C) hardly allowing solidification during handling at 
room temperature and upon cooling; to a level below room 
temperature, and a low level of viscosity taboufc 10 cp of below 
at 20 °G) . From the industrial operation viewpoint, those that 

30 are hardly volatile at ordinary temperature are preferred. 
Generally pref erred are those having a boiling point of, for 
example, about 8 {PC or higher, and more preferably about 3GPC 
or higher, 
[00621 

35: itoong the abo ve-ment lofted solvents, those solvents which 
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are low in miacliDilifey with water are part iQ:u:larIy preferably 
used as the solvent in carrying out the reduction reaction M They 
promote eKtractiori/removal of the reducing agent f ta bement toned 
later) and imparl ties derived from the feciyting agent into the 
•5 aqueous phase and efficient pur if i cat iori;/ recovery of reduced 
coenzyme Q :l0 1 
[0063] 

Redrveed coenzyme Qxa tends to become more resistant to 
oxidation as the concex^tratian thereof In solution ihereases, 

10 Beduced coenzyme Qiq is highly soluble in the solvents mentioned 
above and, from this viewpoint as welly the afeove solvents are 
suited for protection against oxidation * The concentration of 
reduced coenzyme Q XG which is preferred for the pro tection against 
oxida tion may var y depending on t he so 1 vent specie s , hence cannot 

15 be absolute], y specif led . General ly , however, the concentration 
of reduced coenzyme Cho in the solvents mentioned above is not 
lower than 1 w/w.%> preferably not lower than 2 w/W%u The upper 
limit is not particular ly restricted but r from the practical 
Gperationality vj.ewpoint^ it is 4 00 w./w%>- preferably 200 

20 more prefer ably 100 w/w% r . and part icularly preferably SO w/w% . 
[0Q64] 

Thus, when the above solvents are used* the undesirable 
oxygen-involved side reactions are minimised through the 
reduction step > 
25 [0065] 

The reduction reaction can foe carried out in one of the 
above solvents using, as the reducing agent, a metal hydride 
compound, iron (metallic iron or a salt-form iron) * zinc 
(metallic zinc:} hypoauif urous acid or a salt thereof , ascorbic 
30 acid or related compounds thereof, or the like, 
[00661 

The metal hydride compound i s not part icularly restricted 
but includes sodium borohydride, lithium aluminum hydride* etc. 
The amount of the metal hydride eompomid to be used may vary 
35 depending on the metal hydride compound species , hence cannot 
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be absolutely specified, Generally, however, an amount of 1 
to 3 times the theoretical hydrogen equivalent is suitable for 
carrying qirfc the reduction reaction. 
L 006? j 

5 The reduction using iron or E-rnc is generally carried out 

using an acid, The acid is not particularly restricted but 
includes fatty acids such as acetic acid, sulfonic acids such 
asmef hanesuff onto acid, and inorganic acids such as hydrochlor ic 
acid and sulfuric acid, and the like. Inorganic acids are 
10 preferred., and sulfuric acid is more preferred. 
[0DS8] 

The amount of iron to be used is not particularly restricted 
but an amount of about 1/5 by weight or more relative to the 
weight of z^dnommmn^^mQm charged is appropriate f or carrying 
15 out the react ion „ The upper I imi t is not .particularly r es t r iot ed 
but , f rom the economic viewpoint* among others , it is about 2 
times by weight or below u Iron may be used not only in a metallic 
form but also in the form of a salt such as iron (II) sulfate. 
[00691 

20 The amount of zinc to be vised is not .particularly restricted 

but an amount of about 1/10 by weight or more relative to the 
weight of reduced, coenzyme Q.xo charged is appropriate tor carrying 
out the reaction „ The upper 1 imit is not particularly restricted 
but, for the economic viewpoint r among others, it is not more 

25 than about £ times by weight. 
[0070] 

The hyposulf urous acid or the salt thereof is not 
particularly restricted but generally used in the form of an 
alkali metal salt, alkaline earth metal salt, ammonium salt, 

30 and the like. Alkali metal salts, such as the lithium salt, 
sodium salt, and potassium salt, are preferred, and the sodium 
salt is more preferred. The amount of the hyposulf urous acid 
or the salt thereof to be used is not particularly restricted 
but , generally r it Is not less than about 1/5 by weighty preferably 

35 not less than about 2/5 by weight, and more preferably about 
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3/5 by weight, relative to the weight of reduced coeazpie Q i0 
charged:, A larger amount will not cause any trouble but is 
economically unfaivorable -,. ThUs> an amount not exceeding about 
2 times fey weighty preferably not exceeding the same weight , 
B is employed. Generally, the reduction reaction can be 

appropriately carried out in an amount within the range from 

about 2/5 by weight to about the same weight, 

[OOTij 

The ascorbic acid and related compounds thereof are not 

ID particularly restricted, and include, tor example, not only 
ascorbic acid, but also rhamno-ascorbic acid, a r a b o - asco rfo i c 
acid, glueo-aseorbie acid, f neo-ascorbic acid, 
g^mmpt^a:scori>±aa^i4r xylo-aseorbic acidtgaiaoto-ascorbic 
acid, gutD-ascorbie abl&> at lo-ascorbic acid, erythro-- ascorbic 

15 acid, #-desoKyaacorbic acid, and the like related compounds, 
and may be ester forms or salts of these. Furthermore^ these 
may be L~ f orm, D~f orm or racemie £ oritu More specifically, there 
may be mentioned, for example, L-ascorbic acid, L-aseorbyi 
palmitate, L-a>scorfoyl s tearate, D-arabo-ascorbic acid, etc . In 

20 producing the reduced coenzyme Q±% r any of the above-mentioned 
ascorbic acid and related compounds thereof may be favorably 
used. However, the water-soluble ones are favorably used in 
particular among the above-mentioned ascorbic acid or related 
compounds t hereof in view of ease of separation from the genera ted 

23 reduced coenzyme Qm f ere. And most preferred are a free form 
of L~ as corbie acid, D~arabo~ascorbie acid and the like in view 
of the ready availability, price, etc. 
[0072] 

The amount of the ascorbic acid or a related compound 
30 thereof to be used is not particularly restricted but may be 
at such a level that is effective f or converting oxidized coenzyme 
Qio to reduced coehzyme Qiq. Generally, it is used in an amount 
of not less than 1 mole, preferably not less than L2 moles, 
per mole of reduced coenzyme Qm* The upper limit is not 
35 part icularly restricted but, taking economic viewpoint into 
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consideration^ it is generally 10 moles, preferably 5 moles, 

and more preferably 3 moles, on the same basis. 

[0073] 

JTfee reducing agents mentioned above and/or compounds 
5 derivable; therefrom are mostly soluble in water. When 

hyposul furous acid or a salt thereof Is used, for instance, a 
hydrogensulfite 1.5 f ormed as a byproduct. When ascorbic acid 
or a related compound thereof Is used, dehydrGascorfaic acid is 
formed as a byproduct, and further S^S-^ifetogalSBic; acid and 

10 oxalic acid are formed as byproducts from dehydroascorblc acid ... 
These are all soluble in water . Furthermore, when iron or zinc 
i s used, water-soluble salt s (e.g. iron chloride or zinc chloride, 
which may be generated as a byproduct when hydrochloric acid 
is used) are formed as byproducts af ter reduction , As mentioned 

15 hereinabove, all of these reducing agents and/or compounds 
derived therefrom can foe efficiently removed by using the 
purification method of the present Invention, whereby 
high-quality reduced coenzyme Q%o can be obtained, 
[007 4] 

20 imong the reducing agents mentioned abo^e, sine, 

hyposulf urous acid, or a salt thereof , and ascorbic acid or a 
related compound thereof are more preferred, and hyposulf urous 
acid or a salt thereof (specif ically, a hyposulf urous acid salt} 
and ascorbic acid or a related compound thereof are especially 

as pref erred, f rom the viewpoint of reducing abili ty , yield,: qua lity 
or the like. 
[007 5] 

In the reduction reaction, such an alcohol as mentioned 
above and/or water can be appropriately used in combination. 

30 Combined use of water is suitable especially when iron, zinc 
or hyposulf urous acid or a salt thereof is used as the reducing 
agent. When a metal hydride compound or ascorbic acid or a 
relat ed compound thereof Is used as t he reducing agent , an a l cohol 
can be pref erably used in combination > The cornbi ned use of water 

35 and/or an alcohol makes it possible to show the characteristics 
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of these and contributes to improvements in reaction rate, yield 
and the like. 
[007 61 

In the following, pref erred modes of the reduction method 
5 are described in detail. 
[007 7] 

The reduction using the abo¥e-mentioned hypos in fur ous 
acid or a salt thereof is preferably carried out in a mixed solvent 
system composed of water together with at least oie organic 

10 solvent selected from among the above-mentioned hydrocarbons, 
rat ty acid ester s> ethers:, and nitr xl.es (pref erabl y hydrocarbons 
more preferably aliphatic, hydrocarbons, still more preferably 
heptanes, and particularly preferably heptane) rf 

On that occasion, the reaction is carried out generally 

15 at a pM of not higher than 7, pref erably at phi 3 to 7 , and more 
preferably at pH 3 to 6, from the yield and/or of her viewpoint. 
The pH can foe adjusted using an acid, f or example a mineral acid 
such as hydrochloric acid or sulfuric acid, or abase, f or example 
an alkali metal hydroxide such as sodium hydroxide. 

20 [0078] 

In the reduct ion us ing byposulf uroiis acid or a salt thereof , 
the amount of water to be used is not particularly restricted 
but may fee such that a proper amount of hyposulf urdus acid ox 
a salt thereof, namely the reducing agent, can be dissolved. 

25 General ly, it is advisable to adjust the weight of the 

hyposulfurous acid or the salt relative to water to a level not 
more than 30 w/w%, for instance, and preferably not more than: 
20 fer/w*. From the productivity viewpoint, among others, the 
amount of water is generally not less than 1 w/w% , preferably 

30 not less than 5 w/w% r and more preferably net less than lO w/wl, 

The reduction using the above mentioned ascorbic acid or 
a related compound thereof can al so foe carried out using a solvent 
highly misoifoie with wafer as selected from among the 
3S above-mentioned hydr.oca rbbhs, fatty acid esters, ethers, arid 
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n/itriies, in part i cular a highly w&1£%E^m&&Q$&.\® ether or ni t rile, 
more specifically tetrahydrof uran, dioxane, acetonitrile,, or 
the l i ke . The use of such an alcohol and/or a ketone as merit toned 
above {pref erably a highly ^ater-miacifcle alcohol and/ or ketone 
5 (specif icaily , a monohydr ic or dihydrie (pref erafol y monohydric} 
alcohol containing 1 to 5 carbon atoms f pref erably 1 to 4 carbon 
atoms, more preferably 1 to "3 carbon atoms and/or such a ketone 
as acetone or methyl ethyl ketone) ) is particularly preferred 1 
Namely in the redact ion reaction using ascorbic acid or a related 

10 compound r use Of alcohols and/or hi ghly-xniscibie organi o solvent 
is preferred. The reduction using ascorbic acid or a related 
compound thereof can be carried out in the presence of an additive 
for promoting reaction such as a basic substance or a 
hydrogensulf if e salt as a reaction prompter (lowering of the 

IS reaction temperature, shortening of the reaction time and the 
like) . 
[SO 80 J 

Tim above-mentioned basic substance is not particularly 
restricted but may be either an inorganic .compound or an organic 

20 compound. The inorganic compound is not particularly 
restricted but includes hydroxides, carbonates and 
hydrogencarbonates of metals {preferably alkali metals, 
alkaline earth metals , et c . ) , aiumonia, and the like . &s typical 
■examples thereof r there may be mentioned alkali metal hydroxides 

25 such as sodium hydros xde> alkali metal carbonates such as sodium 
carbonate, alkali metal hydrDgencarfoonates such as sodium 
hydrogencarbonate, alkaline earth metal carbonates such as 
magnesium carbonate, and the like - The organic acmpoxirM is not 
particularly restricted but includes amines such as 

30 triethyi amine, and the like, &mong the basic substances 

specl f icaliym.ent j.oned above, weakly basic substances (weak. base 
or weak alkali) , for example such inorganic compounds as metal 
(preferably alkali metaly alkaline earth mietal or the like} 
carbonates and hydrpgencarbonates > and ammonia , and such organic 

35 compounds as triethylamine and like amines., are particularly 
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pref erably used, f he. above^ntioned inorganic coxnpounds are 
most preferred, and those weakly basic inorganic compounds 
mentioned above are mora preferred. 
[0081] 

5 As preferred species of the hydrogensulf ite sa.lt r there 

may be mentioned^ for example, alkali metal hydrogensulf lies 
such as sodium hydrogensulf ifcey and the like* 

mm 

The amount of the above-mentioned additive is not 
10 particularly restricted but may be such that the reaction 

promoting effect of the reaction prompter can be produced to 
an expected extent (Namely * an effective amount] . Taking 
economical viewpoint into consideration as well , it is generally 
not more than 20 moles, preferably not more than 10 moles, more 
15 preferably not more than S moles, and particularly preferably 
not more, than 2 moles, per mole of. the ascorbic acid or a related 
compound thereof- The lower limit is not particularly 
restricted but generally is OC 01 moles cr higher, preferably 
0* 05 moles or higher, more preferably Oil moles or higher^ and 
20 particularly prefBrably 0 12 moles or higher, on the same basis. 
[00831 

The reduction reaction is preferably carried out under 
forced flowing, The flowing is preferably affected by a power 
required for stirring per unit volume of generally not less than 

25 about 0 . 01 kW/m 3 * pref erably not less than about 0 ,1 kW/m 3 , and 
more preferably not less than about 0 , 3 -kU/mK The above forced 
flowing i s generally provided by rotation of a s t i r ring blade { s } . 
If the above flowing is attained, however, it is not always 
necessary to use a stirring blade (s)h For example, the 

30 circulation of the liquid or the like procedure may be uti 11 zed . 
[0084] 

The reduction reaction temperature may vary depending on 
the reducing agent species and/or the amount thereof, hence 
cannot be absolutely specified. in the case of redaction using 
35 hyposulf urous acid or a salt thereof, for instance, the reaction 



can be carried out generally at 1QQ°Q or helo^, preferably &b 
80°G or below, and mote: pref erably at 60 °C or belw. The lower 
limit is the solidification temperature of the system- The 
reaction can fee smoothly carried out at about 0 to about: 100 °C, 
5 preferably at about Q to about 80 °C, and more preferably at about 
0 to about 00 " & C> The reduction using the ascorbic acid or a 
related cpJtipound thereof is carried out generally at 3:0°C or 
above, preferably at 40°C or above, and more preferably at 50 
or above. The upper limit is the boilirig point of the system, 
ID Generally, the reaction can be earfleci out at about 30 to about 
15Q 0 C f preferably at about 4 0 to about 120 ^C, and more preferably 
at about 50 to about lOO^Ci 
[0085] 

The reaction concent rat ion is not particularly restricted 
IS but the weight of oxidized coenzyme Q xo relative to the weight 
of the solvent is gex^eraliy not less than about 1 w/wl, pref erably 
not less than about 3 inore preferably not less than 10 

w/W%> and particularly preferably not less than 15 w/w%-.. The 
upper limit is not part icylacly r^tri cted but generally is about 
20 60 w/'w%> pref erably about 5Q w/wl , more pref erably about 4 0 w/w%> 
and particularly preferably about 30 w/w% > Generally, the 
reaction may be favorably carried out at about 2 to about 30 
w/w% :/ . pref erably at about 5 to about 30 w/w%> and more pref erably 
at about 10 to about 30 -w/w'% . 
25 [008 6] 

The reduction reaction can be driven to couplet ion: 
generally within 4 8 hours, preferably within 24 hours, more 
preferably within 10 hours, and particularly preferably wi thin 
5 hours • 
30 [0087] 

The oil of reduced Goenzyirie Q 10 may also be obtained by 
removing the aqueous phase after reduction, in water , of oil 
of oxidised eoen zyme Qi 3 > In this ease , the redaction is oar r led 
out generall y at a temperature of 4S*g or above, pref erably at 
35 48 °C or above, and more preferably at 50 °C of above, although 



the tempera t lire depends on the purity of reduced coenzyme Qio 
and other factors* The upper limit is the boiling point of the 
system and generally is 100 °C or below, preferably 8D°C or below, 
and more preferably 60°C or below. 
5 [0088] 

This method makes it possible to synthesize reduced 
coenzyme ::Q 1Q while avoiding the waste of time, the use of an 
expensive production apparatus and the increase in volume due 
to separation and concentration of the organic solvent. 
10 [00 89] 

The above reduction reaction and the after-treatment 
(separation of the organic phase) are very favorably carried 
out in a deoxygenated atmosphere , and it was also found that 
the operation under such atmosphere areatly contributed to the 
15 improvement in yield at the reduction reaction and the decrease 
of the amount of the reducing agent especially in the reduction 
reaction using hyposulf urous acid or a salt thereof* The 
deoxyaenatedatmosphere can att ained by inert gas subst itution, 
pressure reduction, boiling,, or a combination of these. It is 
20 appropriate to perform at least inert gas substitution, namely 
to use an inert gas atmosphere > The inert gas maybe, for example , 
nitrogen gas, helium gas, argon gas, hydrogen gas , carbon dioxide 
gas, or the like. Nitrogen gas Is preferred, however. 
[0S90] 

25 Now, the -crystals of reduced coenzyme Qio to be used in 

the present invention are described. For the practice of the 
invent ion, the crystais ^hioh may be .aval table are those crysta ls 
obtainable by crystallization f rom or concentration to dryness 
of a solution containing reduced coenzyme. Qio, the already 

30 existing crystals of reduced coenzyme Qio, &nd the like. The 
solid resulting from solidification of oil of reduced coenzyme 
Qio may also be used. Preferred are the crystals of reduced 
coenzyme Qia obtainable by crystallizatipn or concentration to 
dryness. More preferred are the crystals of reduced coenzyme 

35 Qio obtainable by crystallisation or concentration to dryness 
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following reduction of oxidized coenzyme Particularly 
preferred are the crystals of reduced coenzyme Qxo obtainable 
by crystall Irat ion following reduct ion of ojcldi^ed coenzyme Qio * 
I 0091] 

5 The solvent to be used in obtaining such crystals is not 

particularly restricted but includes hydrocarbons, fatty acid 
esters, ethers, alcohols, fatty acids, ketones, 
nitrogen-containing compounds {including nitrites and amides) , 
sal fur-containing corr^ounds, water, and the like. 
10 [0092] 

As the hydrocarbons, f atty acid esters, ethers f alcohols, 
fatty acids, ketones, nit riles, amides, and salf ur-Gontaining 
compounds , there may be mentioned such solvents as mentioned 
hereinabove. 
15 [P093] 

As the nitrogen-contaxning compounds other than nit riles 
or amides, there may be mentioned^ for example, nitromethane, 
triethylamine, pyridine^ and the like. 
[00941 

20 For obtaining high-quality crystals of reduced coenzyme 

Qxo while suppressing the undesirable oxygen^i.nvolvIng side 
reaction, It is preferred to use a solvent with high protective 
effect against such oxidation.;, namely at least one species 
selected from among hydrocarbons, fatty acid esters, ethers, 

25 and nitrlles r Mong: them., hydrocarbons and fatty acid esters 
are preferred as such solvent , hydrocarbons are more pref erred, 
and heptanes are most preferred, 
[0095] 

The use of such an alcohol and/or ketone as mentioned 
30 hereinabove is also preferred because crystals of reduced 

coenzyme Qxo which have good slurry and crystal characteristics 
can foe obtained when crystallizatiGn is utilized and such a 
sol vent is used In the step of crystal II ration. 
10096] 

35 Furthermore^ when an alcohol and/or a ke tone are: { is} used 
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and a sinali amount of water is allowed to coexist, the solubility 
of reduced coenzyme £> 10 can be properly reduced to give an 
increased yield. In addition, the slurry aharacteri sties can 
be improved and, in particular, the solid-liquid separability 
5 if ilterability) can be markedly improved* which- is worthy of 
notice > 
[0097] 

The mixing proportion between water and the alcohol and/or 
ketone may vary depending on. the solvent species, hence cannot 

10 be absolute 1 y specif ied, 7Vr y solvent substa;nt rally compr i a ing 
the above -meat longed alcohol and/or ketone as a main component { s ) 
can be used without any particular restriction. The proportion 
between the above alcohol and/or ketone in mixed solvent 
containing water has the lower limit of generally about 90 w/w%> 

15 preferably about 91 .w/wf, more preferably about 92 w/w%, and 
particularly preferably 93 w/wl> and the upper limit of about 
9 9*5 w/V% j preferably about SB : w/w! f more pref erably about 98 
w/w% /: and particularly preferably about 97 w/w%r In general^ 
the crystallisation can be faybrably carried out at about 90 

20 to about 99 * 6 w/w%, and most preferably at about 93 to about 
97 w/w%. 
[00981 

The crystallization of reduced coenzyme Q 5 , 0 can be carr ied 
out by the general crystalliza tion procedure t f or example cooling, 

2B concentration, sol vent substitution, and use of a poor solvent, 
as used singly or in appropriate combination thereof* In 
particular, the cooling operation (cry stall i £*t ion: by coolihg) 
is preferably performed singly or in combination with some other 
■ope rat ions . 

30 [0 099] 

For the crystallisation of reduced coenzyme Qi,o^ it is 
very effective to purify and crystallize reduced coenzyme Qv$ 
wi th s intuit aneous removal of impurit ies contained in the reaction 
mixture or extract obtainable in the conventional manner or 
35 produced by the above-mentioned reduction method or the like- 
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This makes it possible to remove coexisting impurities, in 
particular analogous compounds having a similar structure and 
generally not always easy to reittove ( specif ieally, reduced 
coenzyme Q Br reduced coenzyme Q$, reduced coenzyme Q;?, etc) * 
5 Alcohols and/or ketones are particularly effective solvents for 
removing the compounds having similar structures as mentioned 
above ♦ 
[0100] 

The crystallisation temperature of reduced coenzyme Q i0 
id may vary depending; on the crystailization solvent species and/or 
the method of crystallization, among others, hence cannot foe 
absolutely specif ied. Generally,, however, it is not higher than 
26* C, pref erably not higher than 20 D G, more pref erably not higher 
than l$*€ r and particularly preferably not higher than 10 
15 The lower limit is the so iidif i cation temperature of the system-, 
Generally, the crystaJJ.isat ion is carried out at about G to about 
2S°C. 
[01011 

For ttiiniTRiz'.iitg immixture of various impurities into 
20 reduced coenzyme Q m obtained or for obtaining slurry having 
good properties, the amount of precipitation of crystals per 
unit time can te cant rolled in the step of crystallization ,. & 
pref erred rate of crystaili zatlon per unit time is, f or example, 
not higher than the rate at which about 501 of the whole amount 
25 of crystals crystallizes out per unit time (50% amount /hour) ., 
and preferably not higher than the rate at which about 25% of 
the whole amount of crystals crystallises out (2 5% amount/hour ) . 
The rate of cooling in cool ing crystaili zation is generally not 
higher than about 4 0 o C/hour , and prefer ably not higher than, about 
30 20°C/hour. 
[0102] 

The crystal lization of reduced coenzyme Cho is preferably 
carried out under forced ft owing , For inhibiting the occurrence 
of supersaturation and effecting the nucleation and crystal 
35 growth smoothly^ or from the quality improvement viewpoint, the 
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flowing Is preferably cauaed fey a power required for stirring; 
per unit volume of generally mot leas than about 0V01 kW/ru^ 
preferably not lees than about Oil teW/m^, and more preferably 
not less than about 0*3 kW/m 3 . The above forced flowing is: 
5 generally provided by rotat ion of a stirring blade (s) If the 
above f lowing is attained, however, it is not always necessary 
to use a stirring blade (s) > For example > the circulat ion of 
the liquid or the like procedure may foe utilized, 
[0103] 

10 For inhibiting the occurrence of supersaturat ion and 

effecting the ma cleat ion and crystal growt h smoothly in the step 
of crystal lizaf ion,, addition of seed crystals is preferred, 
[0104] 

The crystallization concentration may vary depending on 
IS the crystallization solvent species, and the method of 

crysf altizatlon F hence cannot be absolutely specified. For 
example, the weight of reduced coenzyme Qio relative to the 
crystallization solvent weight at the time of completion of 
crystalii2:atiDn is not more than about 15 w/w% ? preferably not 
20 more than about 13 w/w'% , and more preferably not more than about 
10 w/w%. From the productivity viewpoint, the lower limit is 
generally not lower than 1 w/W%> preferably not lower than 2 
w/w%« The crysf alligation can be favorably carried out 
generally at about 5 to about 10 w/w % . 
25 [01051 

The thus-obtained crystals of reduced coenzyme Q X: q. can 
fee recovered as a wet product ,, for example, by such a solid-" 1 iquid 
separation teehnigue as cen.tr i f ugat ion r pressure fxlf ration, 
or vacuum filtration, if necessary followed by cake washing, 
30 Moreover r they can foe recovered also as a dry product by further 
charging the wet product in a reduced pressure drier (vacuum 
drier) internally purged with an inert gas and drying the same 
under reduced pressure . The recovery in a dry form is preferred . 
[01061 

35 MeKt, the oil of reduced coenzyme Q i0 to be used in the 
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purification method of the present invention is now described. 
As described hereinabove >■ the oil of reduced coenzyme Q ia may 
be oil of reduced coenzyme Q 10 obtainable by reducing- an already 
existing oil of oxidized ooenEyme Qio. oil result ing fx-tim melting 
S of crystals of reduced coenzyme Qio, or oil obtainable by 

concent rating a. reduced coenzyme Q * 0 ~ cent a i n i n.g solution at a 

temperature not lower than the melting temperature. 

[0107] 

The reduced coenzyme Q 1D -"Containlng organic phase to be 
10 used for obtaining oil of reduced coenzyme Qxo is not particularly 
restricted but" f for inhihi ting the undesirable oxygen- in : ^o 1 v i rig; 
side reaction to thereby obtain a high-quality oil of reduced 
coenzyme Q 10 , it is pref erably a solution in a solvent with high 
protective effect against such oxidation, namely in at least 
15 one solution select ed f rom among hydrocarbons , f atty Meld esters 
ethers, and nitrites v. Among; them^ hydrocarbons and fatty acid 
ester s are more prefer red as t he solvent * Bydr oca rbons are st ill 
more preferred^ and heptanes are most preferred. The reduced 
coenzyme Q^-canta ini.ng organic phase may be the above-mentioned 
20 solution or a concentrate obtainable by concentrating the 
solution in the general manner. 
[0108] 

In concentrating the reduced coenzyme QiO-containing 
organic phases the coneentxat ion of said organic phase is carried 

25 out at a temperature equal, to or higher than the melting 
temperature of the reduced coenzyme Q ie of the concentrate 
comprising reduced coenzyme Qio as a main component so that the 
coexisting; solvent may foe completely or nearly completely 
distilled of f . Ms a result 7 an oily product of reduced coenzyme 

30 Qio. can be obtained * When the melt lug temperature is breads the 
temperature- is applicable as long as if is not lower than 
temperature at initiation of the melting. 
[0109] 

In the practice of the invention, the temperature of 
35 concentration above for obtaining oil of reduced coenzyme Q 10 
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may vary depending on the amount: of the coexist ing organic solvent : :>. 
heiioe cannot be absolutely specifiad* It is, hbweyer> for 
exalple f preferably not lower tMn 40— more preferably not 
lower than 45°C f particularly preferably not lower than 50°C / 
5 and most preferably about 60 °C. The concent ration can be 
f avorably carried out generally within the range of 4 0 to 140 
pref erably 40 to 1-0G*<*> and more pref erably 50 to 8.0 P -G, although 
the temperature depends on the solvent species and the amount 
thereof « The concentration is carried out at ordinary pressure 
10 or under reduced pressure, 
1 0.1X0 J 

The method mentioned "above makes it possible to favorably 
obtain reduced coenzyme Oao es an oily product by completely 
distilling off the organic solvent without any stirring trouble 
15 even when the pur ity qf reduced coenzyme Qi% in the organic phase 
is f for example, not lower than about 60S by weight, preferably 
not lower than about 90% by weight f and more pref erably not lower 
than about 95% by weight * 
[0111J 

20 When the oil of reduced coenzyme Q m is obtained by 

distilling, off the solveirt, content of the solvent in the oil 
of reduced coenzyme Q w is general iy not higher than 10% by weight , 
preferably not higher than 3% by weighty and more preferably 
not higher than 2% by weight, of the whole weight of the oil. 

25 [01121 

As described abo\7e> water-aoluble impurities remaining 
in reduced coenzyme Cho, in particular a reducing agent and/or 
impurities derived; from the reducing agent , can be efficiently 
removed by the method, of the present indention which is excellent 
30 in operational i ty> 
[0113] 

The product reduced coenzyme Qxq obtainable by the 
purification method of the invention is of very high quality* 
and the weight of water-soluble impurities contained in the 
35 reduced cpensyme Q% Q is expected to be 0 * 15% or lower , preferably 
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0.10% or Xowe;r> or more preferably 0,08% or lower. 
[9114] 

[Detailed Description of Emhodlxnents ] 

The following examples 11 lust rate t lie present indention 
5 further in detail* These examples are, however,- by no means 
limitative of the scope of the invention. 

in the examplesy the content of L-ascorbte acid was 
determined by HFLG, and the sodium hyposulfite and sodium 
hyposulfite--derived l.Ttipu,rity content was geteWxMd by ion 
10 chromatography for determination of the sodium content, which 
was then converted irito. the .sodium: hypo sulfite content, it is 
to foe understood,, however^ that the reducing agent and/or 
reducing agent-derived impurity contents shown will never 
indicate the limit of purification of reduced coenzyme Qko by 
15 the method of the Invention. 
[0115] 

{Production Example 1} 

Oxidised coenzyme (100 g) and 60 g of L~aseorbie acid 
were added to 1000 g of ethariol, and the reduction reaction was 

20 carried out with stirring at lB a C. After 30 hour si the mixture 
was cooled to 50°C r and 400 g of ethanoi and 100 g of water were 
added while maintaining the same temperature. This ethanoi 
solution (containing: 100 g of reduced coenzyirte Cko5 'Was- cooled 
to at a cooling rate of 10 -C /hour with stirring (power for 

as stirring: 0.3 kW/m 3 ) , and thereby white slurry was obtained. 
The slurry obtained was filtered under reduced pressure, and 
the wet crystals were dried under reduced pressure (20 to 40* C r 
1 to 30 mm Hf ) to give 101 g of dry white crystals (containing 
3.2% of L~aseorbie acid) . All the operations other than the 

30 drying under reduced pressure were performed in a nitrogen 
atmosphere, 
[0116] 

{Example 1 and Comparative Example 1} 

Ten-gram portions of the crystals of reduced coenzyme Qio 
35 (containing 3.2% of L-ascorbic acid) as obtained in Production 
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Example I were respectively added to 190 g each of aqueous ethanol 
solutions differing in ethanol content to give slurries. Each 
slurry was stirred at 25°C for 10 minutes. Tills slurry was 
f iltered under reduced pressure f and the wet crystals ware dried 
5 under reduced pressure £20 to 40 °C, 1 to 30 mm fig) to give dry 
white crystals. The content, of L-ascorfeie acid remaining in 
the thus-obtained crystals and the recovery percentage of reduced 
coenzyme Qro are shown in Table i* The content of oxalic acid 
in. the obtained crystal was less than 0.05% in each example- 

10 All the operations other than the drying under reduced pressure 
were performed in a nitrogen atmosphere. 

As Comparative Example 1* the result obtained when no 
ethanol is added is also shown. In the Comparative Example 1, 
the liquid properties were very poor, for example crystals 

1.5 adhered to the wall, surface, and the discharge operation was 
very difficult to carry out. 
[0117] 



[Table 1] 





Content of ethanol 


Content of L-ascorbic 

............ *m m 


Recovery percentage of 
reduced coenzyme 0*6. (%) 


Example 1 


10 


007 


99 


30 


0.06 


99 


50 


0.08 


99 


90 


0.05 


97 


Compar, Example t 


0 


0.18 


3? 



20 [01181 

(Example 2} 

A 10-gram portion of the crystals of reduced ooentymB Q X o 
(containing 3.2% of L-ascorbic acid) as obtained in Production 
Example 1 was added to 190 g of ethanol to give slurry, which 

25 was stirred at 2°G for 10 minutes. This slurry was filtered 
under reduced pressure* and the wet crystals as dried under 
reduced pressure (20 to 40* I to 30 mm Hg) to giw dry white 
crystals. AI 1 the operations other than the drying under reduced 
pressure were performed in a nitrogen atmosphere * in this case > 

30 the content of L-ascorbic acid remaining in the crystals was 
0, 06%, and the recovery percentage of reduced coenzyme. Q 10 was 
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96%. 

(Example 3, Comparative- Example 2) 

ft- 10-gram portion of the crystals of reduced eoenzyrrie Qao 
5 { containing. 3* 21 of L-ascorbie acid) as obtained in Frodaetion 
Example: 2 was converted, to an oily ..f orm at 60°C, Thereto was 
added 190 g of a 30% (by weight.) aqueous ethanoi solution, and 
the mixture was stirred at the same temperature f or 10 minutes . 
Thereafter, the mixture was: cooled to 25 °C to convert the oil 

10 to crystals. The resulting slurry was filtered under reduced 
pressure, and the wet crystals were dried under reduced pressure 
(20 to 40 d C, 1 to 30 mi Hg) to give dry white crystals, The 

contents of L-as corbie acid remaining in the thus obtained 

crystals and the recovery percentage of reduced coenzyme Qtq 

15 are shown in fable 2. All the operations other than the drying 
under reduced pressure were perf ormed in a nitrogen atmosphere. 

Rs Compa ra t i Example 2? the result obtained when no 
ethanoi is added is also shown. In the Comparative Example 2, 
the liquid properties were very poor, for example the oil of 

20 reduced coenzyme Qiu would not be unif ormly dispersed and, even 
after cooling , crystals adhered to the stirring blade, and the 
discharge operation was very difficult to carry out- 
[0120] 



[Table 2] 





Content of ethanoi 
(%) 


Content of L -ascorbic 
acid{%) 


Recovery percentage of 
reduced coenzyme Qta {%"} 


Example 3 


30 


^.„. ; 




Goropar.ExampSe 2 


0 


0.43 ; 
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[0121] 



(Example 4} 

A 10-gram portion of the crystals of reduced coenzyme Q X q 
{containing 3 , 2% of L-aseorbi c acid) as obtained in Production 
30 SKample 1 was added to 190 g of a 3.0% (by weight ) acetone solution 
in water to give slurry, which was gt irred at 2 5 ° C for 1 0 minutes . 
This slurry was filtered under reduced pressure,, and. the wet 
crystals were dried under reduced pressure (20 to 4Q°C, 1 to 
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30 mm Kg) to give dry white crystals. All the operations other 
than the drying under reduced pressure were performed in a 
nitrogen atmosphere* In this case, the content of L-ascorfeic 
acid remaining in the crystals was 0. 055%, and the recovery 
5 percentage of reduced coenzyme Q m was 99% c 
[0122] 

(Production Example 2) 

Oxidized coenzyme Qio (100 g) was dissolved in 1000 g or 
heptane at 2 B °G , Thereto was added gradual 1 y an aqueous solution , 

10 prepared as a reducing agent by adding i 000 ml of water to 100 
g of sodium hyposulf ite (purity at least 7 5%) , for dissolution 
with stirring (power for stirring 0.3 kW/m 3 } and the reduction 
reaction was carried out at 23*€ and at pH 4 to 61 Af ter 2 hours 
of the reaction, the mixture was cooled to 2°C at a cooling rate 

15 of 10 o G/honr with continued stirring (power for stirring 0.3 
kW/xrr*} > and thereby white slurry was obtained. All the above 
opera tions were carried out in a nitrogen atmosphere . The slurry 
obtained was filtered under reduced pressure, and the wet 
crystals were dried under reduced pressure (20 to 4Q°C,. I to 

m 30 » Eg) to give S5 g of dry white crystals (containing 1. 0% 
of sodium hyposulf ite and sodium hyposulf live-derived impurities 
as expressed totally in terms of sodium hyposulf ite) . All the 
operations other than the drying under reduced pressure were 
performed in a nitrogen atmosphere, 

25 [012 3] 

(Example 5 and Comparative Example 3} 

A IQ-grarrt portion of the crystals of reduced coenzyme Q 10 . 
(containing 1,0% of sodium hyposulf ite and sodium 
hyposulf ite-derived impurities as expressed totally in terms 

30 of sodium hypos ul file j as obtained in Production Example 2 was 
purified by 1 hour of stirring in the same manner as in Example 
1, The total amount: of sodium hyposulf ite and sodium 
hyposulfite-derived impurities remaining in the thus-obtained 
crystal and the recovery percentage of reduced coenzyme Q 1D are 

35 shown in Table 3. 
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As Comparative Example .3, the result obtained when no 
et.ha.nol Is added is also shown. In the Comparative Example 3, 
the liquid properties were very poor F for example crystals 
adhered to the wall surface, and. the discharge opera fcious was 
B very difficult to carry cut. 
[01241 



[Table 3] 





Content of eihan&j 

m 


total amount of sodium hvpo&ulfite 
and sodium hypos Litnte-dettved 
impurities remaining m reduced 
coenzyme Q»e (%} 


Recovery percentage of 
reduc sd cos nzy rc b Q, * :(%} 










Compa^Example 3 


0 


a ia 


97 ! 



[0X25] 



20 (Example 6 and Comparative Example 4} 

A X 0™gram portion of the crystals of reduced coenzyme Q ie 
(containing 1.0% of sodium hyposulfite and sodium 
hyposaif lie-derived impurities as expressed totally in terms 
of sodium hyposulfite) as obtained in Production Example 2 was 

15 stirred in a 30% (by weight; aqueous ethanol solution at 60*C 
for 1 hour. Thereafter, the aqueous phase was removed at the 
same temperatara to give oil of reduced coenzyme "Q$&. This oil 
was dropped onto a plate {40°C} with reduced coenzyme Qxq own 
crystals spread: thereon t© g ive a semisphericai sol id , The total. 

20 amount of sodium hyposulfite and sodium hyposulfite— derived 
impurities remaining in the thus-obtained solid and the recovery 
percentage of reduced coenzyme Q ;0 are shown in Table 4. 

Is Comparative Example 4 f the result obtained when no 
ethanol is added, is also shown. In the Comparative Example 4, 

25 the oil of reduced coenzyme Q I0 would not be uniformly dispersed, 
and the liquid properties were thus very poor. 
E 012 6] 
[Table 4] 





Content of ethanol 

m 


The total amount of sodium hyposuififte 
and sodium hyp osu I frte -derived 
jmpiiHties romainmg' in roduced 
coenzyme Q» £%> 


Recovery percentage of 
i-xduwd oofi nzyme Q is {%) 


Ex&ropio % 


3G 




99 




0 


•» - 


97 
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[0127] 

(Reference Example 1); 

One-gramoort ions of r educed coenzyme Qia {reduced coenzyme 
QiO:/bx;id.i ze:d eoerizyirie Qxa weight -ratio .99. 6/0.4;} were 
5 respectively dl ssol ved in 20 g each of various solvents specified 
In Table 5 at 25:*C, After 24 hours of stirring in the air at 
2S°e, the reduced coensysie Q x0 /exldized coenzyme £ho weight ratio 
in each solution was determined . The results thus obtained are 
shown in Table 1 . 
10 [8128] 

[Table Sj 





R 


Heptane 


99.1 /US 


Hexane 


98:7/1,3 


Toluene 


98.8/1.2 


Chloroform 


98.9/1.1 


Ethyl acetate 


98.9/1J 


Mothvl tert-butyS ether 


m&/iA 


Tetrahydroxuran 


88.5/1.5 


Methy I feofotttyi ketone 


88,2/30-8 


Dlroetfryiforrnamide 


31 .0/63.0 


N -met hy Hpyrro Man e 


67.3/32.7 



R: Reduced coenzyme Qia/Dxyfeed coenzyme Q^a weight ratio 
[0129] 

(Reference Example 2) 
15 One-gramportioBS of reduced coenzyme £ho ( reduced coenzyme 

Qto/oKidized coenzyme Cho weight: ratio 99/6/0,4} were 
respectively dissolved in 100 g each of various solvents 
specified in Table 6 at 36. ^.C , After 24 hour a of stirring in 
the air at 35°€, the reduced coenzpe Qio/oxiiizeci coen-zpe Q xo 
20 weight ratio id. each solution was determined* The results thus 
obtained are shown in Ta&le 2. 

[01 3D ] 

[Table 6] 



Solvent 


R 


Heptane 


96.7/3.3 


Ethyl acetate 


36.4/3.6 


AcetomtrHe 


98.0/4.0 




4(11/53,9 



R: Reduced coenzyme Gro/Gstfdfeed coenzyme Qm weight ratio 
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[0131] 

[Effect of the XnYentionj 

The invention, which lias the const ± tut ± on described 
hereiiiahove, makes it possible be conveniently arid efficiently 
5 produce oil., crys t als , slurry or solu tion of hi gh qual i ty reduced 
coenzyme Q :l0 by an economically efficient method with good 
Operat; tonality for an industrial scale production. 



1 



^Document Name] abstract 
| Abstract ] 

[Subject:] To provide a method of pmrifyimg reduced coenzyme 
Qio to produce a high-qaality product which is useful as an 
ingredient in f oods , f uncti anal nutri fcive f oods specific heal t h 
foods, natritionai s upp 1 erne lit b.> nutrients, animal drugs : , drinks, 
feeds, cosmetics, medicines, rexnedies> preventive drugs, etc. r 
by a efficient manner suitable for an industrial scale 
production* 

[Means f or Solving] A method of purl tying reduced coenzyme 
Oxo which coTuprises washing reduced coenzyme Q m wi th a 
water-soluble organic solvent or a mixed solvent composed of 
a water-soluble organic solvent and water to thereby remove 
water-soluble impurities f especially a reducing agent or 
impurities derived from a reducing agent, from the reduced 
Goenzyrae Qxq< The present invention makes it possible to 
efficiently purify reduced coenzyme Q w in a manner excellent 
in operatf onality, and to obtain a high-quali ty reduced coenzyme 
Qm - 

[Selective Figure j none 



